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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a circuit for controlling a 
DC-DC converter which can output a stable voltage consistently. 
SOLUTION: A comparator 21 has an offset voltage AVT for a 
reference voltage Vref between its input terminals. The reference 
voltage Vref and an output voltage Vout are inputted to the input 
terminals of the comparator 21 which compares both voltages Vref 
an Vout with each other. If the output voltage Vout is lower than 
the reference voltage Vref by the offset voltage AVT in accordance 
with the comparison result, the comparator 21 outputs an output 
signal SG5 whose level maximizes the duty ratio of a duty control 
signal SG4. An error output signal SG2 and the output signal SG5 
are inputted to the 1 st and 2nd non-reverse input terminals of a 
PWM comparison circuit 22 which compares on the signals SG2 and 
SG5 which has a higher level with a triangular wave signal SG3 and 
outputs the duty control signal SG4 in accordance with the 
comparison result. 
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(57) [Sft] 

D c - D c n >a*-^ co$iJ« BKSgetT So 

A*SSm;:«*P«ffiVref £fcti2;SJEVout 
tl. M^JEVref , Vout £i±ftt~So 3>/tlx— ^2 
lfcL -t©it«3|g*^a^iTai*«ffiVout 
JEVref *^*7ty MEA VTA:tfi<ft5t, x 

^;i/coai^m^-sG 5 *m^f So pwMjtfe[eigS2 2 
^sg2, mmmijmnsG5<Dvt>(Du^)iffim^ 

(cS^r^-'T'>r ©JfflKi-^s G 4 ^m^f So 



»i©tt0MC8ttWC-DC3>rt-*0BW 




1 

Hi t! V v > v>X 5> £ * > ^ 7 ftf£ $ *T¥i ESS <?)®m 

o*< ttEffi*«ffi£ilMEaS«P*ffilcifi , rftt* «fc3 fc bfc 
D C — D C 3 >A — ^fflHS^STSoT, 

ma £ it« t x^ti 6 « mm v tzmmm -h mn 

W :*J h 5 > 5? X * £ :* > 7 Wiff- £ tt¥» 08S 
DC-DC3 >«-ir«)l|fflB»T» ot, 

#84iT-2> DC-DC3 >A*-^ro$dWlElK. 
[§»*3S3] lf*Ja2 {ClHmWDC-DC=)>A*-^ 

££n. WttEESJtttU ^wik^mtca^ViTHtrfB 
m^mffi^H3fB*2p«£E^e,^-7-fe^ h«E«(ttt^& 
t*fcl, iJf3^L-7VfW»m^<Dx:i-7^1t£g*<fc 

1RU ^<D«^£MiBxi-^fHWI^<hbTiilifBffl 

trz d c - d c a >a-^ <£>asiep imss. 
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CW*JS4] W*3S3»Cf3ttWDC-DCa>A--^ 

MIB^WIU'-^tt, fIIB^-7-lr<> h^ffifCM^bTS 
</MCj|&£lMXCJ£/&bfc-#<Dh5>>vX*£A7J 
fflgCif O d <h 5#8iitl, DC-DCa > A-* ©ISJ 

[W#JS5] W*JS3tCf3«ODC-DCa>A*-^ 

jEiHfifBaj^mi£i:^A* 3 1. t&m t-rs d c 

- D C 3 > A*-* aHMfVEIfS. 
tlf*^6] lf^3(CfB«©DC-DC=l>A*-^ 

Btll3fg^jlS?[mSS«H5l3PWMlt«<[HlSS-Tr&oT. 

KPWMitfeiasstt. 

HfflBKMW^M^^A^^nsm 1 #SKAASft. 
S9fB3>Ak-^©m^M^A*$tl^>m2^KteA 
20 Mft, 

MIBH^KM^»tA^$n«»seA^^<i:Srffi^. 
iJg3l§l, &2#Km\J]%ib^zAt)2tlZ>m^<DO*> 

b. ^cDjtfe^i'So'^TmriBxi-x^ ummnz 
mt>-r -5 c t t-r * d c - d c 3 > a-^ w$o^) 

[»*«7] M*313 tf3«»DC-DCn>A'-5' 
30 KORlHlgSte. 

wi3 p wm jtfeiHiifS7&^ s m ^ n £ t* — unmn 

ZftWiii-? S D C - D C 3 >A-^«$iI»I5IK 0 
[gf*^8] §9*^2 IClBi»DC-DC3>A-^ 

f3IB^Mai^fi#<tS(if3H^&<i^tcS^^T. I2tb 
40 h7>vX^*Wf3ai* h?>-S7,5> &&mz*>* 

d c - d c 3 yn-?o>mwm&. 

^- > ^- 7 Are b x mib¥» 0k * a- b x m ii m=f- \z m 

\MiV7>VX?<r>*>*7W)mzm-3\,* 

50 Ji(i0Ki. 
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■< VL^m-OT* ol—t j rnmmn p vfuttm® 

W^J h 5 > ->*X 9 £ =*" > * 7 »f£ £ i3"T¥»lHlSS 

tJ< WEffl#ttffi£mfES«P«ffi»;:>fi^tt5 J: 5 fc bfc 
DC-DC3>A-^T$iot, 

ftrlEtb*effi^HfriB»^i|]E^e.^-7-fe-> MfcMSf 10 

t- 4 it £ ** £ T £ a. - y- fflfl OSS * fa X fz Z. k. £ 
^9ffiDC-DC3>;W. 
M^llO] Bl^mgicaBWWDC-DCnWS— 

* h?>5?X*Cttiftr«ft4KMREItt£:*«A.fcC& 
*#Ii-r5DC-DC3>A*-^. 
ffi&mi 1) ffitJfcig 1 0 Kffim<DDC-DC3>A* 

jttrE^wtu— sffiB^7-t>y h«)i(c»i$;bTS 30 

WSfcJfo d i iftSifS DC-DCa 

imjtm 1 2 ] m&m i o iceikod c-dc3>a 

(WB3WXl^-^tt. ffiE£qM|E€J&&i£)-«U -to 

EE£ffliEtti*ittE£#tArt£n« c t&4t®t-r^>D c 

-DC3>A-?. 

[UI*Ja 1 3 ] »2jcJg 1 0 CfBftCDD C - D C 3 >A* 40 

ffiEflreSKSKttffie P WMit^IlgSTfeo T. 
KPWMit«HISS«. 

ffiERieiliftffi*«tA2)£tt«liS 1 *SfiA*«f<!:, 

ttBJBl, ^2#EISA*^»CA*$tlS«^<Dp^ 
b. ^OJtttlSSKft^TiWE^a — tVWWW^S 50 
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a*-r*Jit*#*t-r«Dc-DC3>/x-^. 

[MM14] WHItmi 0(Cf3®«DC-DCa>A* 

iwe«^a*?iiii6ttoR0«ST?«i**n. 

AttG P WMJt«5l38Sa> <s W tl s n* ra — r- -r 

$#fit5DC - D C n >n—9. 
ffi#m 1 5 ] 9fCE®WDC-DCn >A- 

mem* h7>yx^ttit©Bi:jii«*n. «rE¥ 
y m * -a- -a fc * <z> « ^ £ ks§ 2 m * h 9 > s? x * tc a 

*f -5^ 2 P WMittfclHliSS <h C £ "T -5 

DC-DC3>;t-^, 

[0 0 0 1] 

ISnfcf^MIgi (CPU) . Ett&tE (RAM, 

rom) &e>&m*m#m&im®mw no cufpfi 

iISS:«*&-r-2)DC-DCa>A'-^<?>Si]P^te. DC- 

bca>n- 9<r>m8mi&> ms. dc-dczi>a— 

[0 0 0 2] ifi^wmT^StCtt. ^&(1<D¥S#:«* 

ihikss do d*»«3*iTiA*. cne&#»ft:« 

®t:DC-DC3>A'-^fM3n5. -?-L 
BW^ftf^^Sl^e^lt". -E-CDfci*. DC-DCn>A* 
[0 0 0 3] 

[fi£*<£>8ffi] 17(1 S£5|5©DC-DCn>A-^ 1 
O-0iJS:^T. DC-DCn>A-^ 1 l^-y^O 

5 > -/X ^ T*«fi£$ tl^ ttl 1) V 7 > ^ 3 oy- h \z 

fflASf 5l;8t$nx^5. Ul*^5«. Mil/ 
T«0*b^:^^^*«[HlgS^gtC^$nT^ 

-5,, fit, d©a^^5^e»«ffi*«jEvout 

[0 0 0 4] iIEHJ*K7>yX^3©V-XH v^a 



5 

LT©1PIhJK2 JC^^tl. ^©^©W^JEVout j&t 

[ooo5] m$i®w®i& 2 «. mmmi&mm n. p 
wMit^igss 1 2 . hajs^mhiss i 3 . mtimm i 4 

mJIVref *»A*$n*. X. MSiiMilK 1 1 cDffi^j 

8l£Ittt4. K£J8HIeH»1 lfflSSfiSWih-rsfci&Kia! 
W6tlTV»*. tLT. KfSWBglBl 114. fJfBffl*; 
®)£Vout tfiiMEEVref ,h£Jt$fcU pijmi£©Mm 
£E*»«bfc«16m*«^S G 2 ^i5cg©PWMJt^[Hi 

ssi 2tcm*-r^. 

[0 0 0 6] PWMJttfcSBSl 2©#Kl£A#SSTK:f4 

meis%iM<eiaES i i*^<o^iiai*m^sG2**A* 

j£ft^SG3j!>*A#£ft5. f LT. P WMitt&IUSS 1 

ifcfeU HAjS£^SG3<OW^;P*<S^ta*«-^SG 

;U«»BSSffi*«^ S G 2 KT ttt4JHMTf»4H 1"<W£ 

©ffi^leJSSl 4tCtH2;T5. 
[0 0 0 7] tUASKl 4(4, WIBPWMitfelHlgSl 2 

frt>tat)t<ntzTz.-7-4 uwmn s g a zmtrntim 

[0 0 0 8] C©i3lClSE$nfcDC-DC3>/t- 
^lTf4. tt»|SI8S2*»6mA**l*Hl*«^SG 1IC 

mffiVref ) — Jti&aiSKfflfJSft*. 

[0 0 0 9] B»r4i, ffl^JiSg? sc&ttsns&A 
ffi©AffiS»t;4<JilJirr-5£, m^j*)IVout a<TP¥-r 
■5. -r-St. SgifdlllgSl lT?tt. W^JttJEEVout <t 

tussi i<DmgL\&tsmnsG2<nv"<)vw±.%-tz>« 
[ooio] mmmtim^ s g 2 © u-^a*±#-rs 

<h» PWMJtg&ISSSl 2Ttt, H£|$:m*tSG3©l^ 
J^K%ttt^jA^SG2«jBX.-&Mini«<fi<a:0. H£ 

»iraavB<ft*. pwMiti&Ess 1 2 ©f^- 

T-wfWffl)ffi*tSG4l4. ■€-OHU^t&*«IIH]3ft«ft< 
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[0 0 11] ra-r-f aif ^ S G 4 ©f a-f-< It 

mm\zmtim^sG KD^^-^^ith 

-5. Sot, tti^mffiVout CO^ffi«t4lto!f«jEimJEEV 

[0 0 12] tt)A«)EVout *t±#-r-5<h, K£JIHIIeI 
S§1 lTtt. ffl^EEVout ta^mBEVref t(DH« 

EE*«/h* mmmtim^s g 2 ©kjwjj: 

10 

[0 0 13] KitH S G 2 © l"?;PO±#*«*S 

<&•£>£. PWMittfcHISSl 2Tt4. HftgEfi^SG3 

0. HA«fflf s g 3 oi/'cjwuaaAft^ s g 2 a 

TtfcZ>Mm* i *3.<fc : £>. PWMttKEISS 1 2 

©7 J i-5 L ^$iJffllfi^SG4{4, -?-©HU-^;i/£:&5#) 
W*»fi<&* <'7 s 3.-'T-*Jta*fi<fc*) . 
[0 0 14] "tzl— =T4 Wn^SGA<Df^— x^tfc 
H8tHi*BfSGl«)fa-f^H:ft 

[0 0 15] Z\<D£5f3.W)ft$:Wl'0M-?Ztiz£.i0. ± 

[0 0 16] 

[ssgw*** las ±te«j6&© 

DC-DC3>A*— ^ 1 tt, tB^mffiVout ifi$tWiTZ> 
30 £. -e©W^j«BEVout J&<WtfBf5£«JE« (S4MIEEV 
ref ) CiRJtrrS3;TK:l#liiJ*£-r-5. d©RrW(4, A 

1 10»fpa«^IW39»-f-©*<*i5«>TH*. 

[0017] *ro>jttf>. m8\zm-r&?\z> a*a?5 

£. DC-DCn>A— ^ 1 f4-€-©^fls»ejgfre€?-f\ 
ffi2>mj£Vout ©*ffitt#A£<TPILTL£5. -© 

ctotcm^siEvoui 0«jBEtt#**&< Tiers £. ta 
40 R»ff-r-B**n*»*». 

[0 0 18] *»9itt, ±IHKS/^*J»ft-rSfcJ&Cft 
$nfcfc©TiboT. ^©B#U4. atC^LfcHi*« 
JE 4 tB tit -5 C £ fT -5 D C - D C a > A*- 9 <T>U W 
DC-DC3>A'— *©fWI9ISS&, Rtf, DC- 

d c 3 > a*- ^ * mm-r z> c t. \z $> z> . 

[0 0 19] 

^^T*fK$nsui*sffi<h^A*^n. ^ffi^jt^ 



7 

-t -a pwMitii£iE]g& m^^-T-jfflmmn 

S ZpmEECjfio'ttS ± "5 tLfcDC-DCn >A- J S' © 

-rffflWi^©^-^ J*£SA£L.t, HtEHiAh? 

[0 0 2 0] M*«2»CE«©fSWtt, **P«ffi<2:, ffi 

•^•musm?? h 7 > >>x * y mfc £ -a-T^m 
®&<D®m\zjtmn-tz>mm$:$mv. mu^m^m 

J; 3 C b D C - D C a >A— ^ ©ftffl 13 o T, 
mBUi*«£E*«WE36ip«ffiA»6*7-fey hbfc^l 

[0 0 2 1] »^3(cE*»5g^tt, »*3S2tcE* 
«3DC-DC3>A--^(D$llWlHlK^*5tiT. MEfa 

tstrEW^mJE^A^^n, P31iJE£it«?L. ^©tfctfc 
^(cS^^THffEm^*ffi^HffE**«JE*^^-7-fc 

>/ti/-^i> t5E^m^m^x«^a.-^^Kfflm 
*tt. sfiEm^«^t^A^^ti, mmn<D?*>i"<.n> 

[0 0 2 2] W*JR4 JCE«0*Wtt. «*JS 3 CIEt 

<r>YiC-YiC^yn—9<T)'®mim&\z%>^-T, BfrEn> 
rtv-i7\z., mm*y±7 hni£\zttfeVTS.wzmti. 
xtc^ Lfc-*f© h 7 y i?x * & Aijwm \zm 

[0023] m&m5\zmm<D%mt, m&m3\zmm 

(DDC-DC^yrt-fOfflWlBi&iZ&^T. ME 3 y 
BtlE£2Ptt<I££iri#i']U ^-©**P«JEE 

WlUgS^!!*.. g«tri##J@&T*£5££*lfcSffi<hmrE 
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[0 0 2 4] M$))i6£Ett®%91l*. W^3frE« 
©DC-DCn>/\*— ^©f&fflHSEgC&^T, ffiE«*f 
S*?lHlgS«flilEPWM]ti<[5JgST*oT, KPWMJttfc 

hush. mmmmt)mm!>*Ajjisnz>mi#&fcAti 

Sfi:, fJE:n W1l^-^©ffi^^#A*£n£Sf§2 
^SfcA^Saffi. MEHft&ffi^^A^^tl^SteA 
A^tSDA. itUEffll, 12*SfiA*SS?i:A* 
2n3M^©5*.©I^;i^iS^*©*f^<t> S9EHA 

[0 0 2 5] »*«7fcE«©»IBtt. »*J13(CE« 
ODC-DC3 >/X-^OWWia8SlC*«r»T. MEM^t 
S*?(iISS«OR|fiISST-«^$tl, g>OR[H]g§tt, WfBP 

E=i>/iu—^©tt}^ffi^<t^A^$n. mmHomm 

[0 0 2 6] ai*JS8CE«<05S§q«» »*JS2»CE« 
20 h7>5?X*£«K£©|S!K»f*3n. WE^miHlJS© 

^srstrEai^ h ^ >>>x^ tmm\z*y*ymft2itz> 
tz®<Dm^zmm2mt)h7yi;x?\ziiiti-rz>&2 p 

[0 0 2 7] g»*lI9lcE*0>SB9Itt, miluDVi:® 
«jl»&&«¥itl3i&£. ^>*7i!)fPLTHfrE 5 J z t»lHlK 

30 fcSo*V^T*^^nsUl^mffii:^A^$n» MfE* 

A$E«^<i:, wrEK^m^«^©A/h$Jt«eL. gift®: 

^*tcs-^< 7"=l-7-j vc&n-DT 1 =l-t- 4 mmm^* 
w^-rs'pwMit^iijgst^fii^. msfa-f^a» 

m^o^-^-c JttS-^^TSfTEaj* N 9 > ^X? £ 

m'mv, mm®me>iti&nmm\zm-J<mztiiJ3mi£& 

HtrE*W)EICja-^tt'5 «fc P l:bfeDC-DC3 >A— 
40 ^T&oT. StrEW*S)E^S3ES*SJEE*^^-X-fe^ 

1)m X- T^z. o 

[0 0 2 8] tt*JS 1 0 tcE«©f£ 9 tE 
fODC-DC3>n-^l:*^T. i!Uf27^— ^ K 
WlelKtt. A*^F B 1tcWE**l|ffilc^-r*^-X^s' 
hfff^tb, ^tie.A*^(CHtfESiPSffitH5EtH 
^«)I^A*$n. M«JE*it^L. ^©Jtt55i^m»C* 
o*ViTStlEm^SJE^H5ES«PS)E^e.^-7-t<y hSJE 
50 fc'tTiS^i^lC. |i|iSTa-f-failf©Ti-f-r 
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its** -tr* u^jKDa^m^^m^-r^n yn v- 
m s tb * h 5 > v x * tc m -h -t * « * m n m s& t £ « 

[0 0 2 9] 1 1 KfB«©fE9m. IfjRJg 1 0 K 

§3«©D C - D C n >A*-^ (cist^T, mrfBn >/t l^- 

XK^l£L;t-#©h5>vX*£A;^g:K#:3. 

[0 0 3 0] 1 2 f-|E«W^BJ«. IS^Jl 1 0 \Z 

fB«©D C - D C a WN*—^ Kfe^T. MIBn >/1 1/- 
ffiflB*qMIjE$&ft#-aiU ^©«*P*ffi«fcOmf 

[0031] m*js i 3 icefcofsw*. m&m i o c 

IBfcWDC-DCriWN'-^Ki^T. ffi£ft<»aft@ 
KttitllfBPWMJti&lHJiST&oT. KPWMJtt^ifilSS 
tt. mIIB^Hi^ffi^^A^$tl^mi#SteA^ffl^ 

^-t*«A.. OMB£l. S^^KfcA^S^KATJSn 

[0 0 3 2] »5fcJ£ 1 4 KfEScWSigBJlW:. IS*^ 1 0 \Z 
fB«WDC-DCr]>A*-^(C*3^T. NtBfl^lKB 
&teOR[iIiS§T'#tfi&£n, KORIhI8§«. HtrtBPWMifc 

/1l^-:5'©tH7jm*t<ha*A7J;**U m<B*©afe9«J|ttir 
[0 0 3 3] 1 5 KfB«©fgsj|te, jf^qf 9 KB 

x^t«at©mnc*tt*n. satB¥»iHigS(D^«&» 

[0 0 3 4] (f^ffl) tfBKw^gqjcitxti. 

*©•?. m^mjE*^^tc±#-r-5. tot. dc- 
•5. 

[0 0 3 5] IS*JS2, 9»CfB«©fB9H::<fc*US\ 
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Stt*. ■€■©*:». W#*EE>WJr5£«JEfiI£iT 
TP$b«k? iLtfe, ^©^rtT'ttxi-TVfiiWlnl 

*ttffi*^^»*WC±#-r-S. ti£oT. DC-DCn>/\* 

[oo36] i*n3, 1 0K8B«©5B«fcj;n«. a 

t?htE*#U ^n^A*«STC«ip®JEtW*« 

^;KotH*fi^tm*-r*. m^siRmsste. Hf£tti7j 

U *©«^*5^i.-x-r«WS^iLTHJ2lh5>S> 
20 «KTIC**<TI*U±5i:bT%), -twMIWrtTttri 

tot, DC-DCnWt— ^*»6»4flfK:5fc)tLfcta* 

[0 0 3 7] ffl*^4, 1 1 K8B«©»W»CJ:n«, n 
>Al'-^©A7J*!)g©— 2*© h7>^^H 

30 [003 8] i*«5, 1 2 (CfBe©^B^(c <; fctlt4. 3 

[00 39] »*S6, 1 3(C|Btt©^^{c<kntf. P 
WMJtttBI&fctt. ^Mm7jm^*iA73^tt^^l#K 

teA7j«^t. 3 >nv- ^©m^«#d*A*$tissi 

2#SteA73«Ti:. Hft&«^*tA*^n-5SteA* 
40 i%Tttfffi*.t>nZ>. fLT. PWMJtSJUIjgtt. m 
1, m2#SKA*SS^CA733ns^©3%©U^ 

[0 0 4 0] W*JS7, 14tBi«)3B9?l:J:fttf. O 
RBKICH PWMitt!^lE]Kd^e.ai*^n'55 ; 3.-7 v -f 
50 SWmif.*:. n>/tl^-^©UJ7jm^<»:*iA73^tl-5. 
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mn*mii-?z><DT\ z<Dmmto-e\tti\*by>zsx* 
[oo4i] »#js8, 1 5\z$zm<nmmzj:n&, m 
«-rs»2Ui*h^>5;x^3&«»«*n*. fix, ig 

[0 0 4 2] 

[*W©*il&<0»t6] <» l 0>*«G>»J») HI a. * 
fggis^ttft; i <D^m<r>j»m<DD c - d c n >n 

*«tH-«*«»ttH-0«F^tf*bTRW"r*. 20 
[0 0 4 3] *«ffic&«tt<2)ttttH;, Bl 1 tc^cT J: o 
\z, *7-fcy h«ffift#a>/1U— 4^2 lsJ«Ri6««H 
Bl 1 iSfcJBfcRW-Sft*. X, MIBP WMit^Iel^ 1 
2^, *12S:r;*2#seA** : f^SteA*« : P&« 
*-&PWMJt«l§I&2 2*ce&£*l£o 

[0 0 4 4] Wirr*<fc* n>;ti/^2i^SA* 
SHHctefcti^ajEVout a*Art.a*U #RKA*«jffc 
tegZpSffiVref *<A*Sn*. :©3>^l/^2 1 
A^SS^MlC^^-fety MJEEAVT^Oo SP^, 
m^SmVout <fc**p«JEEVref CDf«E*«t7'fey f 30 
«ffiAVT**<DP#K:tt, 3>/1l/^2lttLI/^ 
OHi^m^SG5^tlj^-r^o X, ffl*«EEVout «ts 
«P«ffiVref 0liE^7t7 MffiA VTK±<h?S: 
3>/tl/-^2 HiHl/^;K?)|±l*I^SG5* 

[0 0 4 5] ^£0, m>lfcA>5£, □>/1I/-^2 1 
tt, ffl#«BEVout 7&*S*P«EEVref iOmyH 

ctHu-^;Koai*m^sG5^tB^-r^o tea. 

*»Tf4» HU^;KZ)ffl*«^SG5J4WIB=ft«[»« 40 
EIB1 3 * 5 ffl A S ft« = fl«at S G 3 ©i* l/^* 

mJim"^ S G 5 ttMEEftftl^S G 3 ©*/M"<;|,4: 

[0 0 4 6] 02 ( a ) tt, ffifian >/t I/— ^ 2 1 

npni/Hi)?-7h7>yX^Q3-Q6(!:, 3 ^CO 

femmmc s 1 ~c s 3 1 s«at^«. 

[0 0 4 7] h7>y^^Ql, Q2tt3>/*U— *2 50 
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10A#®&£ra/£LT</>5. h7>yX^Ql t Q2 

«SVcc»C»ttSns. h7>yX^Q 1 , Q2CD&X 

Q3, Q4$fn*n^LT^7>HGNDI:8IS$n 
•So h7>yX^Q3, Q4tt^— A3&«SVWcS»Sn 
*ttt>lC, ^^-X^h7>yx^Q3©nl/^^ 

[0 0 4 8] 8MB h 7 > y 7 ^ Q 1 O^-^ « a >/t 1/ 
^2 1^SgAAS?T*t)T> ^^^-AiCttSt 
IBS^mmVref **A*Stl*. X, h7>yX^Q2 
<Z)^-Xten>/1l— -^2 l^KAAS?T^oT, 

[0 0 4 9] iEH7>y^^Q2©-»f<Xll b?> 

0, CO«k5lC h7>y7^Q 1 , Q2<A1MX£:^H 

[0 0 5 0] S5fBh^>vA^Q 5, Q6li3>/tl/- 
*2 l<&m*0»*«J«LT^S. h7>yX^Q5© 
3 l"**tt5£«»£«C S 2 *^UT«HVccrc»|«S 

n, x^7^^7>FGNDi:ii$n^ b9>& 

X^Q5^-X(t h^>vX^Q2C0X^-/^<h h 
7>yX^Q403 l/j7^tOW©y-HN 1 fcftttS 

\zmmznzo by>i?x*Q6<D'<-xtt* £««ur 

C S 2 £ h7>yX^Q 

2\zmmzn2> Q fit> s«tBcs3th7>yx 

^Q6(0nU^^<h(DP B lCDy---HN3«ri>/ll/--^ 2 

^SG5^ttJ^^n^>o 

[0 0 5 1] C^3C«^n^3>/^l/^2 1t 
tt. m^SmVout £S*P«JEVref ©H«£E*t*7-b 
7MEAVT*iO(ht(:H h7>yX^Q20i 
ffifit^h^>> ? A^Q 1 Outlet: 0/h$<^:^o ^Ofc 

/-FN10ifi^TI?b, h7>yA^Q5©i 
«E«W*/h«*<&0, y-HN2 0i^j:#t§ o -ft 
fr«t0, h7>yX^Q6^t>l, y— HN3C0S 

IP^rJ>/1U— ^ 2 lom^{H^SG5^Lly^;U 

[0 0 5 2] X* tti^SJEVout <hg2g«JEVref <D£ 

^ Q 2 G>«atfia* h7>yX^Q 1 <Z>^ft<fc 0 A * < * 
y-HNl(0iW±#l, h^>5>X 

t5o ^tlCiO, h7>yA^Q6^7l, /— F 
N3CDS&. BP%n>/tk- ^2 10fflMfSG5^ 

[0 0 5 3] SEoT, ±iBLfc<fc'3K:, a>/tU— -^2 
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lit. tti*mi£Vout ■ttmmm&VTet J:t)*7t7h 

[0054] m. miteynv-i?2 KDm^m^ 

HbTllJJSLTt><fcV>. 02 (b) «. n>/1U-^2 

i mm^te&*i2.m&*7F.-$ . n>/iu— ^2111 h 

7>y7?Ql, Q 2 £|^-y--l-XT'«f£-f-5 
h^>v ! XiS'Q 1 X (3>/1lx— ^2 l©#Kfc 

A^SSi^) K. S*P*l£Vref *^t7t'>MEAV 
Tttfcttfgt^fi (Vref — A VT) £«*&-r-£>JaSi# 
IBH»tSf«UT**Sn*. C©i&tri#l<]lHl8&tt. a 
^ftffiVrer £jgin#f>|-f3igtriR 1, R2Tl)i!tS 
ft. ffiftRl, R2©ffiiftfi!lc:J:0y-KN4CDS{4£ 
(Vref — A VT) .fT-S. 

[0 0 5 5] illCgfi^i:, B3IBPWMtfc|{|HlSS2 
2«^l#ReA^S^t«Hdre^Mlfig|HlgSl 
©g|MW#fi^SG2#A;>j£ft. S2M6A^I» 
(Cttflt(fB3>/tP~^ 2 lfr£©ai*j{i^SG5#A;*J 
Stl5. X. PWMjt*SelHlK2 2©SSA*^t:tt. 
fJfgH^S^MlEjgS 1 3^e,»H^Kff^SG3^A^ 

[0056] pwMtfctsias8 2 2«; sg 1 ^seA*;^ 

^JCA^^n^K^tiJ^m^S G 2 i!2#SeA^ffl 

^CA#£ft&rii#m^SG 5©u^;i/#A#i^£. 

HeA^«^(CA*$tl^H^jSff^S G 3 ££it$Srr 
•5. fbT. PWMJt«tlH)gS2 2«> ■£-<£> It tfc K 33 
T, H^fe<f^SG3»l^'<;i/«^*tA^<^-2>fflP B TC 1 

M^SG4<i:bT^©<oa^|HlSSl 4 CfcrJ^-T-S. 

[0057] bp*,. wi2=i>a^-^2 lom^m^s 

G5^HU"<;|/t^^«BP B lT«, ±IBL*:<fc5CC:©U 
^UWiH&jgEff^ S G 3 <Z>m*il"<)l£m Difc-tftJ: 0 
t>igV>l^;i4Cg:5£;*ftT<^-5#:«>. PWMJtt£lHlgg2 
2 m^J £ ft -5 7*3. — r fWffllffi^ S G 4 «H l" 1 ^ 
tCH^$n-5 tV J* : 10 0%) „ tot, ' 

©$3Fs5]f*)T-te, 7*3.— tV fWWfS^t S G 4 KSo'^Tf&l 

^i§i&2©ffl#^sG ia*Hi^;uc@5t£ft. 
h 5 > v'x * 3 &*>vim\zmmt< ft*. 

[0 0 5 8] — WfB3>/11^-^2 KDtiitimnS 
G5d<L U^^t^-S^ffl-tftt, ^01/^;HJEfliStM 
^ S G 3 ©i/M/^Jl. <h 13 Urf^ftJ: 0 fctel^ U^JHc 
^^ntlr^Ac*, PWMJt^lsIK2 2tt, S£*.fc|Hl 
«ltc:^ai^<t^ s g 2 tEfti^fif s g 3 £©Jt«fcfc 

s^i>fcfa-f-f jt©^-^ ummn s g 4 £m 
trrz. tot. £©#jF«sji*j-m. '&.*mtimmzftij 

[0 0 5 9] ±fB»<±:5IC«^^nfcDC-DC 
n>A*-^ l©«MB£IB9i-f*. aj^SfB^lcg^Sft 
£#l#©fiffi«Sit#Jt«!<W/h£<^rt:, S3^S«P«JEV 
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ref iKDmm&.tf*y±y hSJEA VT*l©|i|T(tl 
^ttffiVout ^<fcLTt/i-5*-a-. n>/1l/-^2 lrfr> 

[0 0 6 0] -r-5<h. PWMIt«lHlSS2 2 te. «E3fc<L|Bj 

mzmmttitimn s g 2 t=ft$im^s g 3 tottmz 

St-l^TzTJL—T-j JtCD^i — 7=-^ ^ffiff^S G 4 £tti 
^Jb. UJ AIeIM 1 4 ttra-r-f aH«^S G 4 * ffi^j 

h7>vX^ 3te£©ti)7j{i^S G 1 \Z&-3^T*>* 
10 :7ftf££ft> m^^5A^ttj^^tlSm*«lEVout 
^^m/3E (SipmffiVref ) triR^-r-5«fc -5 CftMPS 

[0 0 6 1] X. 0 3tC^-TJ:3fC. ttl*;^ 5 lc«g? 

ffiVout «tX««EVref «fc OtfX-fey httJEA VT» 

9 2 l^e>ttHl-^;l/©trJ^<a^SG5*tm^^tl-& < , 

[0 0 6 2] t^t, fcb*lf!*fS G 5ML"<;i/i)S;S 
JfifflT'tt. PWMJt|S<lelSg2 2 ©7*3.— 5V fWWI^S 
20 G4^H^^;PtrH^$ns. S£oT. C©«iWrtT? 
tt. ^3.-x^SiJlffg^SG4tcSo*tiT$!l«lHl8S2© 
fcU^ft^tSG l^HI/^HCS^ft. H}AH7>yx 
^3d^>«^(Ci»^$n-5. <> -T-Sxh. tB*®l£Vou( 

LT, ai^SffiVout ^SipmffiVref frt>*7 
fey httffiA VT#/fc*tt<g^«ffi (Vref — A V T) «k 
D&<ttz>L, 2 1 ©ffi^Jfi^-SG 5ttL 

[0 0 6 3] c©ioi;*llffi©fI©DC-DCa> 
30 n-^im S3(c^-r«fc5»c'tti*ffl^5ic^$ti 

3j|ffi©lt^®lfit^®KA#<^fcLTfc. 3>A1/ 
-*2 l©»jf^fC«koTrli^ffiffiVout <Z>«£tt#t*£ 

[0 0 6 4] ±I3bfe«t5(C. **SE©^SiT«. HT 

(i) -zynv-*? 2iB, A^^r^ic^-7-fey h« 

f£AVT*#-r-5ttfe»C. ^©A^SS^etfJ^mflE 
Vout t*«P«ff Vref tZ^tl^tlAj] b» ffittJIV 
out , Vref ©MmjE*^7fe>> NSffiA VTK±i:ft 
40 ^>i:, ^-©SBMrt. HU^;U©m^fS^SG5SrtH^-r 
•5. PWMtkttlElK2 2 «, WIB«8^(*)(c*5^T. n > 
2 i^e>ai^$tifcH^^;i/©ai*fi^SG5 

*7 J i-5 L ^S!lSI<a^SG4 tLTW^lHlKl 4tai* 
•T-5. f LT, m^[iIKl4«. ^-©^i-^^SIfflim 
#SG4*©]fflllHll^2©aj^ffl^SG 1 tUTttl^ h5 

>vt.9 3\zm-ft-tz>. -e©fc», ffi^jmffiVout 
7fe>y hmEEfflAVT£4TfC^:^<T^bJ:'5<i:LT 
fe, ^©aSF B 1rt-Cttn>/tIx-^2 1 . PWMJtUlHlK 
2 2^tC«toTtb*h7>>'X^3*^>«Si»C*6Jt$ 

50 ft-5©T-. m^3«JIVout ^jS^^lCi^-r-So S£o 
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T. DC-DC3>A'-^ 1 frt>\t1?;\Z$:fel-fzmj]n 
JEVout SttiWSui^TtS. 
(2) Lfrfc, '&&&l<DDC-DC=l>rt— *?\zm\s 

2A^J©PWMi±t!<lHlifSl 2 £3A73©PWMtfc$£[5IS§ 
2 2 iCB&f •5fe*t-tT*HM©^<f DC-DCn>A* 

D C - D C 3 >A-^ * C 
[0 0 6 5] (3) *^JSOJgffiW3 W1U-^ 2 1 
«. i2 (a) (C^-r<t5(CA*i5!JS©h^>> ? X^Q 
2 W-9-<X*ih7>v J X^Q 1 W+M - X<£> r n j {gTti 

H*. tot, *7*y h«BE#*0>3>A|^— * 2 1 
o«*ft«*tr*ct*«T**. M. 02 (b) 
■T<i:5tCfitriR 1 , R 2 tC^OS^mffiVref 
WLTA;*rr*«fc'3K:*J«bTt>, *7-fcyh«EW* 

[0 0 6 6] (SI 2 ©*i£©JgSg) 04 *56W*M 
ft fb Lfcfg 2 ©SUfi©^Sg© D C - D C 3 >A*-^ Sr^ 

r. **«i©»«©«f«tt, s i i ©*ss<z>^ 

ffi(DDC-DCn>A'-^(C*fL. PWMit^[HlSS2 2 
&ftMWvm^fi:2 ATjWPWMifclfcleJSS 1 2 fcgfg 
U ORIHSS2 3 ^jlJnLfe. 

[0 0 6 7] ORSK2 3CB, PWMtt 

USBSl 2©^i— f^ffl»i^SG4t, 3>A^— 
^2 1 Wffl2jfB^SG5#A77£*l-5. fit, OR® 
g§2 3«. fa-r^SiI^SG4ttt)M^SG5 

G6t bT^srom^iHigs 1 4 cai^-rs. 

[0 0 6 8] C©<k-5»C^^$nfcDC-DCn >A— 

■fey h*JEAVT*^<©^HT-m^m)EVout fltfcflst, 

f SG5^(l)A$n2.. 
[0 0 6 9] — 7j. PWMtfcttiattl 2tt. fftlE£PltiK 

i:s^nfcfa-r^ tfcSr^-o^aL-^-c mmm^ s g 

4<&m^-r«. ftoT, ORIaJ882 3tt, ^o.—tjU 
fllft#SG4«tt.AflH»SG6£LTti.£?.&. -tOfc 
46, HJ73ls]88l 4teOR|5|g§2 3<£>ffi:*J{i^SG6£rtB 
Tjft^SG 1 £LTtH*U f&k&HttlC. tB^Jh7> 
-^X^3tt^(DUl^«^SG 1 fci^HT*>*7»ff 

sft. m^sa^ 5*^m73sn*a?3«BEvout a-sre 

(**P*JEVref ) CiRjfcT*«fc-5K:lHW3ft*. 
[0 0 7 0] X. 0 3fC^r«fc3t. UA«?SlCttM 

ffiVout #**p«JEEVref «fc 0*7 fey h«£EA VT» 

^2 1 ^^ttHU^JKOffi^lt^S G 5*«ai^$n-5>. 
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[0 0 7 1] t5t, U*fl^SG5*tHI/^iia;4 
»IH3Ttt. O RHJgg 2 3 0>fcbS?j«4tS G 6 jJJHl"?;H: 

BS^ns. fox, homiha-pi*. m?3«^sG6 
cs-^tmiphk 2 v>m-hKm sgi^h wouzm 

JSSft. fH73h5>^X^3*^>ttJ|fc«Ht$n5. 

*cftiTjl^^fC±#-r-5. f l/T. tii^jSJEVout 
S*f»«l£Vref *>6*7-fey Hf EA VT^fc'ltfi^t 
& (Vref -AVT) iDM<ft6t. 3>A|/-?2 
10 lCfflMtSGSIJLMM&O, ±§Bi|^€lfCi!j 

[0 0 7 2] C©«fc^tC2|E*Jfi©^SiODC-DCn> 

a-* i TB. strtB^ i tra«icftffr 

■5. ftoT. C(DJ;5{CDC-DC3>A— ? 1 
[0 0 7 3] ($ 3 0>£JB®KMB) B5tt, *%93£A 

#:fkbfcs 3 <ommomm<DD c - d c n >a*— ^ 

T= **Jg<D«fig<D#a«. m 1 K«-r» 1 ©*JgcD^ 
20 ffiWDC-DCn>A*-^IC»b. P WMJtUelHlifS 2 2 
at. WABttl 4 ai. WIHffl* h 9 >*J7>tr 3 £15] 

[0 0 7 4] gitSi, PWMJtfelHlK2 2 alrii. 
PWMJt«Bi62 2 £E«Hc«SSttl*«^SG2. MJ] 
i^SG2. =AS«f SG3*«A**ft5. fbT. 
C05PWMit®lHlgS2 2 att. P WMifcfelglSS 2 2 
m<D&&W)ft&ft^. ra-T-fMM§SG4©lSI 
SRCLfcEte^a-yVSW**! • /X-SG4S*S 

©W^jIhIS&I 4 aicta^-r^. 

30 [0 0 7 5] UJ^lHlgS 1 4 a«. P WMtfciSlHlSS 2 2 a 

frzmjizntzR&T^-T-iWmm^ • a-sg4& 

K&tiitimn ■ A*- S G 1 £ LTtB* h 5 >i>X* 3 a 
©y- Mct^T*. d©|±}?ah7>v'X^3 att. M 
iaW73h7>^X^3Wy-X£^7>HGND£<Dra 

[0 0 7 6] £©.£5K«j£;*ft7cDC-DCn>A*- 
^17?(4. PWMtfcRliIK2 2, 2 2 a <htiJ2H§JgS 1 
4, 14al;«toT, Hiijh7>y7s^3, 3 atfttm 

m\z*>*7Mwzn. mmtgi<Dnm<DMi&iimmz 

40 fi£-3T. ^<D«t3tCDC-DCa>A*-^ 1 

[0 0 7 7] U^fc. **SS<D}ggiT«. Hi*h7>y 
X^3*t^- 7 ^c^^,£. mil h^y^X? 
ftf&\zf£Z><z>-c. mi] h7>yx^3®y- 7.n®.&>f 
7>HGNDl/^;HCt5ut^T-t5. t«oT. fflTj 

[0078] (m4<nmm<oBm) i6(t 

50 ^kLfeS4»^Sgro}g|gODC-DCn>A-^^^ 
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I©DC-DC3>n-^l;^L, PWMitg*II]Sa2 

2, 2 2 a£2A2)<Z>PWMitii&lHl8&l 2, 12a (CS 

G5*tB*-r^3>/tl^-^2 1 alCB&Lfc. X. O 
R@SS23tAND[lIi^24 SrjijjObfc. 
[0 0 7 9] ffltst, n>yt^-^ 2laH ±E 
bfe<t3tCffi*m^fi^SG 5, A-SG5£fcb*}-r 
-5. ftoT. n>/1U—^2 1 ait. ffiTJ^JIVout ifi 
a^mffiVref &V*y-tv hSJEA VT»KttfiHt 10 

7jfi*tSG5<h. Ll^^;KDKfetb*M^-/N*-SG5 

[0 0 8 0] O RlelgS 2 3 tCtt. P WMJ±$S*!hIS§ 1 2 <Z) 
5^~7V$iJffll{I^S G4 i. Hy/tl/-^ 2 1 a«ttl 
SG5«tAA$nS. *LT. OR0g82 3te, 

?=L-y-j m&mn s g 4 tmM^ s g 5 1 

U -ecDW^^#V^©«^$:m^fa^-SG6 il 

Tjfcarotaaisis 1 4 ictii^-r^. 

[0 0 8 1] ANDEJ&2 4Ktt, P WMJtij&lEjge 1 2 20 

*frt>\itfizn2>KWr =l— T-^umfm • n-sG4 

/t-SG5*iA*Sn?i. AND@S§2 4tt, 

ORIslgS2 3©m^«^SG6»^aS:StebfcSfeai 
Tjft^ • A*-SG6$r^^©til^|5]gSl 4 alcW^f 

[0 0 8 2] £<Ai:5lC«J&£n;fcDC-DC:3>A*— 
i-im PWMiti&lslSS 1 2, 12 a, ORI§Ig8 2 

3. AND03882 4^lCj;-r>T. tiiJj h? >iSX? 3 , 

3 a*^ffl6«jic^>^-7$ii®)^n. mwmzmmmom 30 

>A*-*l£fl|figLT*>. m3(D||Sg0^li<»:|^«0^ 

[0083] is, *mwv>mne>Mm\*&Tv><k3\zm 

MMOS h7>v J X^lCTH^Lfc*t. P^-^JUVl 
OS h7>>'X5'T*JSL.T : bJ:^. «*tf 
lllABBUCfiHT. Ta-f^i9i^SG4SS 

estfcfflAetsG 1 x. tu 40 

[0 0 8 4] 0±ie^*JS«}g^T*«. 

■±lc«Al/fctH«IBK2M:. KAffiHflBlft 1 1. H 
«iS@Kl3, ttJ7j0g§ 1 4, n>l\V— ^21> 
PWMit^lHlK2 2^Tfeofcd*. tfHAtf, HftSE^S 
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WH18S2Sr. ai73h5>vX^3. ffl73=l'f^4&^ 

DC-DCaWt-i'tiiJLTUVJ. 
[0 0 8 5] 

«K:*3feb*:W*«BE*lil*-r*;:i*tT?*«DC-D 
C3>A-^OS(ffil^, DC-DC3>;t-^ffla'fl 
iHlgS, Rtf. DC-DC3>/W«fiftt4tt*fT 

[01] ^io*ffiroill;*^5DC-DCn>A 

-*CDt§Ig§0„ 

[02] nwtU-^wiHlgSH. 

[0 3] DC-DCaWX-^WftflsfclftlirrSfc* 

[04] ^ 2 clli©»ffiic*it S D C - D c n >;t 
— ^©IhIS§0. 
[0 5] M3©SliS©^liC*3^SDC-DCn>A 

[0 6] 14 W^lCf ICi3 W D C - D C 3 >n 

— ^©0880. 

[0 7] ti£*<ODC-DCn>;\*— ^©Ih1?S0. 

[08] Dc-Dczi>/i—?cDmtE&mw?z>r£iit> 
[ft^©ift"jii] 



3 WAh7>?X^ 

3 a »2W;fch5>3?X^ 

4 WTjrJ-f;!/ 

5 m**^ 
7 

1 1 aggig«ilal& 

1 2 PWMitfelUSa 

12a Sg2 PWMJti&0S8<fcLT©PWMJ±!t!tlE] 
SS 

1 3 E.ftWL%mm'& 

21a ^-5V$W0?8£#fj£-r-2>r]>/1U— 

2 2 «^S*?0KiUT©PWMJt«t@K 
22a SIS2 PWMifci&088<hLT©PWMJtt£lIJ 
S8 

2 3 <t^SJ?0gS<hbT©OR0K 
Ql, Q2 pnpIW#-7h7>^ 
Rl, R2 m.tnftg\®&£mf&TZ>t&Vi 

SG2 S^ffi73«^ 

SG3 H^&m^ 
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ef mmms. 
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vout mjini£ 

A vt *y-kvhmi£ 



[mi] 
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